Hierarchical structure in ultraviolet images of 12 late-type LEGUS galaxies is studied by determining the numbers and fluxes of nested regions as a function of size from ∼ 1 to ∼ 200 pc, and the number as a function of flux. Two -2 -starburst dwarfs, NGC 1705 and NGC 5253, have steeper number-size and fluxsize distributions than the others, indicating high fractions of the projected areas filled with star formation. Nine subregions in 7 galaxies have similarly steep number-size slopes, even when the whole galaxies have shallower slopes. The results suggest that hierarchically structured star-forming regions several hundred parsecs or larger represent common unit structures. Small galaxies dominated by only a few of these units tend to be starbursts. The self-similarity of young stellar structures down to parsec scales suggests that star clusters form in the densest parts of a turbulent medium that also forms loose stellar groupings on larger scales. The presence of super star clusters in two of our starburst dwarfs would follow from the observed structure if cloud and stellar subregions more readily coalesce when self-gravity in the unit cell contributes more to the total gravitational potential.
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Introduction
Interstellar turbulence produces hierarchical structure in the gas (Kritsuk et al. 2013) and in the stars that form from this gas (see review in Elmegreen 2010), leading to nested young stellar regions with flocculent spiral arms (Elmegreen et al. 2003) and star complexes (Efremov 1995) on kpc scales, OB associations on 100 pc scales (Gouliermis 2011) , and dispersed and bound clusters on parsec scales (Feitzinger & Braunsfurth 1984; Gomez et al. 1983; Larson 1995; Scheepmaker et al. 2009; Bastian et al. 2011) . The bound clusters themselves appear to be the densest parts of this hierarchy, where the fraction of the local gas mass that is dense enough to form stars is high, and so the efficiency of star formation in the region is high too (Elmegreen 2008; Parmentier & Fritze 2009 ).
Hierarchical structure in young stellar regions is widespread and may be characteristic of all star formation. Still, there is considerable variation in gravitational binding of the clusters that form (Larsen & Richtler 2000; Maíz-Apellániz 2001) . The most massive starforming regions in the Milky Way are mostly unbound, such as W43, which spans 300 pc containing 7 × 10 6 M of molecular gas and the potential to form bound clusters up to ∼ 10 5 M (Nguyen Luong et al. 2011) . On the other hand, some starburst galaxies (e.g., Whitmore et al. 2010) , including dwarf irregular starbursts like NGC 1569 (Hunter et al. 2000) and NGC 1705 (Annibali et al. 2009 ), have star-forming regions with about the same total mass, 10 6 M , but concentrated within tightly bound cores spanning only several tens of pc. We would like to understand why some regions form bound clusters and others do not.
The kinematic pressure from stellar motions in a massive cluster is ∼ 10 8 k B , much higher than the average molecular cloud pressure, 10 6 k B for Boltzmann's constant k B (Tan et al. 2013) . Loose stellar groupings have lower kinematic pressures than clusters. It seems logical that higher pressures produce a higher fraction of star formation in the form of bound clusters (Elmegreen 2008) . High pressure correlates with high gas surface density in a galaxy and therefore with high areal star formation rate (Kennicutt 1998) , possibly giving the correlation between bound cluster fraction and star formation rate found by Larsen & Richtler (2000) , Goddard et al. (2010) and Adamo et al. (2011) . Similarly on smaller scales, the Orion region has a higher pressure than the Sco-Cen region and Orion also has a higher clustering fraction (Elias et al. 2009 ). The extent to which high pressures influence cluster boundedness for all masses and at all levels in the hierarchy is unknown.
A related question is whether there is an upper cutoff in the cluster mass function. A cutoff of ∼ 10 5 − 10 6 M was suggested for some spiral galaxies by Gieles et al. (2006) , Bastian (2008), and Larsen (2009) . Does the starburst NGC 1705 mentioned above have a normal cluster mass function but a higher mass cutoff, allowing a structure with 10 6 M to become gravitationally bound? Do starburst galaxies in general have higher cutoffs, or no cutoffs as suggested for the Antenna galaxy by Whitmore et al. (2010) ?
The formation of super star clusters (SSC) in dwarf galaxies like NGC 1705 is also important to understand because metal-poor globular clusters probably formed in dwarf-like galaxies in the early universe (Chies-Santos et al. 2011; Elmegreen et al. 2012; Leaman et al. 2013) . Such a formation site is suggested from the mass-metallicity relation of galaxies as a function of redshift (Mannucci et al. 2009 ). Perhaps SSCs in small galaxies reach high pressures during dwarf-dwarf galaxy mergers (Bekki 2008) , or because of the ram pressure from accreting gas streams, as appears to be the case in NGC 1569 (Johnson et al. 2010) and NGC 5253 (López-Sánchez et al. 2012) . These perturbations would be large-scale sources of turbulence, as opposed to stellar feedback, which is a small-scale source. The scale for turbulent energy injection may be evident from kinks or turn-overs in the scaling functions for turbulent motions and their resulting structures (Padoan et al. 2009 ).
These questions about the origin and boundedness of stellar groupings, cluster mass limits, and energy sources for high pressures and turbulence can be addressed with galaxies selected from the LEGUS survey (Calzetti et al. 2014 ). Here we investigate multi-scale structure of star formation in 12 galaxies. We have shown previously that the distribution function of region size in a hierarchically structured region is a power law with a slope that is consistent with an ISM partitioned by Kolomogorov-like turbulence and viewed in projection through a galaxy disk (Elmegreen et al. 2006) . The purpose of this study is to see if the distribution functions for size and luminosity differ for starburst and normal systems. Sánchez & Alfaro (2008) studied the fractal dimension of HII region positions in dwarf irregular and spiral galaxies, finding that the brightest HII regions in any one galaxy have smaller fractal dimensions than the faintest HII regions (i.e., the brighter ones are more clumped together), and that in general the HII region population in brighter galaxies has a slightly smaller fractal dimension than it does in fainter galaxies (more clumpy). They did not consider starbursts, however. Parodi & Binggeli (2003) and Odekon (2006) determined the correlation dimension dN (r)/dr for cumulative number of emission points N as a function of distance r from the centers of star-forming regions in dwarf Irregular galaxies. They found that the dimension increases for the brighter dwarfs -meaning that star formation is more area-filling, less strongly sub-clustered, and less porous for the brighter dwarfs. A similar variation of power spectrum slope for Hα was found by Willett et al. (2005) in dwarf galaxies, where the power spectrum slope ranged from the Kolmogorov value characteristic of turbulence to shallower values as the filling factor of the Hα decreased. Evidently there is a characteristic power-law structure inside all of these star forming regions, and a dilution of this structure in the whole galaxy depending on the star formation filling factor.
We find a similar result here, that individual star-forming regions have steep numberversus-size relations in the NUV, and that the starburst dwarfs have similarly steep relations throughout their disks because of a dominance of these structures. The results of this study are in Section 3 and possible implications are in Section 4.
Observations
The Legacy Extragalactic UV Survey (LEGUS) is a Hubble Space Telescope Cycle 21 imaging survey in NUV, U, B, V, and I of 50 nearby galaxies with WFC3/UVIS (Calzetti et al. 2014 ). The survey is designed to include galaxies spanning different Hubble types. The pipeline data reduction is described by Calzetti et al. (2014) . In this study, we select 12 galaxies observed at F336W and F275W in order to examine the distribution of hierarchical structure in the youngest stars. Composite color images (F275W, F336W, and F435W or F438W) are shown for nine of the galaxies in Figure 1 , while Hubble types and distances are in Table 1 . Four of the galaxies are spirals and the rest are dwarf irregulars, with two having starburst characteristics and super star clusters, NGC 1705 (Annibali et al. 2009 ) and NGC 5253 (Westmoquette et al. 2013 ). Other galaxies in LEGUS are not included because they are either too highly inclined, incompletely sampled, or not observed yet.
Data Analysis and Results
In order to examine the number distribution function of star-forming regions as a function of size, the F336W and F275W images of each galaxy were smoothed with the Gaussian function gauss in IRAF using σ values of 2, 4, 8, 16, 32, 64 , and 128 pixels (the average FWHM of stars was measured to be 1.88±0.11 pixels on the F336W image). A sample result is shown in Figure 2 . The source extraction program SExtractor (Bertin & Arnouts 1996) was used to make catalogs and source images from each blurred image. Different detection thresholds and minimum area thresholds were tried until realistic-looking source images were obtained. The fits used a minimum area of 10 pixels, a detection threshold of 10σ, a local background mesh 64 pixels wide, and a background filter 3 pixels wide.
The top panels of Figure 3 show the number of sources with a size greater than the abscissa values versus these sizes for structures in the F336W (left) and F275W (right) images. The slope in these plots is the projected fractal dimension of the star formation structure. The two filters give essentially the same results so there are no strong age effects. The starburst galaxies tend to have steeper slopes than the spiral and non-burst dwarfs, which means that the starbursts are more area-filling with lots of small regions inside and around the large regions. Recall that the dimension approaches the value of 2 as the projected image becomes totally covered. The slopes do not differ significantly between the spirals, which are dusty, and the non-starburst dwarfs, which have less dust, suggesting that extinction is not significant. Neither do the slopes differ because of the presence of spiral arms, because the largest scales considered here (∼ 200 pc) are only comparable to the arm thicknesses and not to the arms' elongated shapes.
Linear least-squares fits to the correlations discussed here are listed in Table 1 . The number-size relation just discussed is fitted by the expression log N = A NS + B NS log S with slope coefficient B in the table and subscript "NS" meaning "number-size". Others have a similar notation. In all cases, the fits are based on the smallest five scales where the correlations are most like power laws.
The middle left panel in Figure 3 shows the total flux of all the SExtractor selected regions as a function of size. What is plotted on the ordinate is log 10 F = −0.4M AB = log 10 C − 0.4 × 24.5377 + 2 log 10 (10 5 D)
for absolute specific flux F , absolute magnitude M AB , counts C, zero-point 24.5377 in the case of F336W, and distance D in Mpc. The figure shows that the total flux decreases slightly with increasing size (slope B TS in Table 1 ), which means that most of the selected regions are contained in one identified structure or another on all scales, except for the small and faint regions, which drop out successively as the blur size gets larger. The ratio of this total flux to the number of sources is the average flux per source; this is shown in the middle-right panel as a function of size (slope B FS ). The starbursts again differ from the non-bursting galaxies because they have a steeper slope in average flux versus size. This corresponds to our impression that the starbursts have brighter regions on large scales than non-starburst galaxies. This brightening occurs systematically for all scales and not just suddenly at the largest. Because the total flux is nearly invariant with size for small sizes (B TS ∼ 0), the average flux-size correlation is approximately the inverse of the number-size correlation (B FS = B TS − B NS ∼ −B NS ).
The lower left panel shows the flux distribution function ("the luminosity function," slope B NF ), which replots the ordinate of the number-size relation versus the ordinate of the average-flux-size relation (the twist at the bottom of each plot is from the drop in the total flux at large scales, which is from the loss of faint and small features). If all of the flux in these structures were present at all scales, then the total flux would be constant with size, B TS = 0, and the slope of the flux distribution function would be B NS /B FS = B NS /(B TS − B NS ) = −1 (for log intervals) independent of the fractal dimension (which is −B NS ). Not all of the flux is present on all scales however (B TS < 0), because the smaller and fainter sources that are outliers of the bigger and brighter sources drop below the 10σ threshold for inclusion as the Gaussian blur size increases. NGC 1705 has a flux distribution function slope that is shallower by 4σ compared to the others, and also a maximum flux that is nearly an order of magnitude larger than for the others, reflecting the presence of the SSC.
To assess how much of the star formation lies outside of the hierarchy, masks were made on one scale, e.g., the 32-pixel blur, and then the regions on a factor-of-two smaller scale that are inside and outside the masks were determined. Figure 4 shows the inner and outer regions of size 16 pixels (i.e., compared to the 32-pixel mask) for NGC 5477.
The lower right panel of Figure 3 shows the outlier fraction more systematically, plotting the luminosity fractions of regions on a scale of N pixels that are outside the regions having a scale of N+1 pixels, versus the scale of N pixels. All of the galaxies have an increasing outlier fraction with size (slope B OS in Table 1 ) except for NGC 1705 and UGC 695, which have similarly rising fractions for small size and then a drop to zero fraction (the drop begins at the large dot in the figure) . Such a drop indicates a concentration of essentially all of the bright star formation in one large region, as is also evident from Figure 1 .
Power law slopes for the number-size relation were determined in nine sub-regions of seven galaxies out to typically 8-or 16-pixel blurs, depending on the region size. The galaxies were NGC 2500, IC 4247, NGC 5253, NGC 5477 (2 regions), NGC 7793, NGC 3738, and IC 559 (2 regions). The slopes were steep for all sub-regions, averaging B NS = 1.97 ± 0.29.
Discussion and Conclusions
The UV images in this survey show two distinct morphologies. One is characteristic of the large spiral galaxies and low surface brightness dwarfs where there is patchy and distributed star formation and low emission between the patches. There is no obvious hierarchical structure among the different patches, which seem to be independent or strung out along spiral arms, but there is hierarchical structure inside of them, to the extent that it can be resolved (e.g., NGC 7793). The other morphology is characteristic of starburst dwarfs or HII galaxies where the image is dominated by one or two patches of star formation, which seem large relative to the size of the galaxy. These patches are well resolved and clearly hierarchical inside. We identify these ultraviolet patches with giant star complexes such as those studied by Efremov (1995) .
The hierarchical structure observed by the number-size distribution or the flux-size distribution is approximately scale free up to the largest scale, as shown by the good powerlaw fits. The corresponding fractal dimension is large for the individual complexes too, which means a steep number-size slope approaching the limit of 2 for a completely filled and nested region. The fractal dimension is almost this large for the whole galaxies that are dominated by one or two complexes (NGC 1705, NGC 5253, UGC 695). Galaxies of the first morphological type have small fractal dimensions (shallow slopes).
The galaxies dominated by single large complexes also tend to have most of their smaller regions inside their larger regions, which means that the fractional luminosity from outliers goes to zero on large scales. In the other galaxies, this fraction monotonically increases with scale because the complexes are spread out and get lost with increased blurring as isolated regions (outliers) rather than as embedded regions.
The power-law structure of star-forming regions in these galaxies is consistent with the standard model where star formation is regulated by turbulent processes, such as gas compressions that form successively smaller clouds inside and around larger clouds ("turbulent fragmentation," Vázquez-Semadeni et al. 2009 ). Such processes form a similar hierarchy of young stars, with a likely secondary correlation for star age, making larger regions older in proportion to the turbulent crossing time (Efremov & Elmegreen 1998 ; de la Fuente Marcos & de la Fuente Marcos 2009a). The hierarchy has an upper limit in size beyond which separate regions form independently. This is consistent with the observation that the 2-point correlation for stars and clusters decreases as a power law with increasing scale up to about one kpc (Scheepmaker et al. 2009; Bastian et al. 2011 ).
The starbursts in our sample also have SSCs, especially NGC 1705 and NGC 5253. A high projected density of hierarchical star formation should play a role in the formation of these clusters because smaller stellar groupings more readily coagulate and attract each other in a crowded environment, especially in low-mass galaxies where the binding energy in the star-forming cloud is a large fraction of the gravitational potential in the disk at that location. Moreover, because these structures are power laws, such coagulation should happen all throughout the cluster mass range, preserving the cluster mass distribution function. It should affect primarily the largest cluster mass that can form, which should increase in such a region. Minniti et al. (2004) suggest a coagulation origin for a super star cluster in NGC 5128. This interpretation is also consistent with the finding by Annibali et al. (2009) that the stars 10 − 15 Myr old in NGC 1705 are closer to the (coeval) SSC than the younger stars (< 5 Myr), and that there are many other smaller clusters nearby. In galaxies with more dispersed star formation, the only remnants of this hierarchical process could be cluster pairs (Dieball et al. 2002; de la Fuente Marcos & de la Fuente Marcos 2009b) .
A shift in the correlated properties of young stars around the star-forming region NGC 346 in the Small Magellanic Cloud, from one that is fractal on large scales to one that is centrally concentrated with a power law density profile in the core region, suggests an analogous change in gas density structure when self-gravity becomes important in a turbulent medium (Gouliermis et al. 2014 ).
In conclusion, star formation observed in ultraviolet images with HST shows hierarchical structure from scales of a few hundred parsecs down to the parsec scale of individual bound clusters. The clusters therefore appear to form in the densest parts of a self-gravitating cloud complex that is structured by turbulence. Starburst dwarfs tend to have most of their ultraviolet structure in this form because they have one or two dominant young star complexes that are each hierarchical inside. Spiral galaxies and low surface brightness dwarfs have more uniformly dispersed complexes. The presence of dense hierarchical structure in a galaxy-dominant star complex would seem to favor an increase in the largest mass cluster than can form without changing the power law slope of the mass function for the lower mass clusters. This may be the origin of the Schechter-type mass function that has been observed for clusters, and it may also explain the apparent variations in the cutoff mass as a function of environment.
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